Abstract
Introduction
Male rat sexual behavior transiently induces the expression of Fos protein, the product of the immediate-early gene c-fos, in brain areas implicated in the regulation of male sexual behavior, including the medial preoptic area Ž . w x MPOA and the medial amygdala 3,12,49,55 . Previous research has focused on the roles of sensory stimulation w x w x 31,46 , gonadal steroids 24,43,53 , and specific neuroanatomical pathways in copulation-induced Fos-like im-Ž . w x munoreactivity Fos-Li 3,15 . There is little information on the neurotransmitters that mediate the induction of Fos-Li by copulation, or on the functions of Fos. Psychomotor stimulants, which increase extracellular dopamine levels, induced Fos-Li in the striatum, which was w x blocked by the D antagonist Schering 23390 23,40,58 . Dopamine agonists administered into the MPOA faciliw x tate male rat sexual behavior 6,27,45 , and dopamine is released in the MPOA of male rats before and during w x copulation 29 . We hypothesized that dopamine released in the MPOA contributes to copulation-induced Fos-Li through activation of D receptors. Much research on the 
2 male rats, would inhibit Fos-Li induced by copulation. Ž . Since both the medial preoptic nucleus MPN of the Ž . MPOA and the posterodorsal medial amygdala mAMYpd w x are rich in copulation-induced Fos-Li 12,14,25,31 , both areas were examined.
With repeated sexual experience, male rats typically undergo behavioral changes in copulatory efficiency, which include fewer mounts and intromissions prior to ejaculation, and shorter latencies to mount, intromit, and ejacuw x late, compared with sexually inexperienced rats 17,34 . Numerous manipulations differentially affect sexual behavior, depending upon prior sexual experience w x 11, 16, 33, 39, 47, 50 . Enhanced sexual behavior and altered susceptibility to manipulations may indicate long term changes in neuronal responsiveness to sexually relevant stimuli. In addition to being a marker of cell activity w x 26,41,51 , the expression of immediate-early gene prodw x ucts may mediate long term changes in cell activity 44 , and may be markers of changes. We hypothesized that copulation-induced Fos-Li would increase as a result of previous sexual experience. Thus, in Experiment 3, copulation-induced Fos-Li in the MPN of the MPOA, the Ž . mAMYpd, and the basolateral amygdala BLA was compared between rats with repeated sexual experience and rats receiving their first sexual experience. The BLA was w x included because it is implicated in learning 9 . Although there has been much research on the role of the BLA in w x aversive learning and fear conditioning 35, 48 , the BLA has also been implicated in sexual behavior, in particular w x in secondary reinforcement of sexual stimuli 18 . The BLA is prominently active during acquisition but not w x during performance retention of a discrimination task 21 , and is important in mediating the consolidation of long w x w x term memory 36 . Fleming and Korsmit 20 observed differences in Fos-Li in the BLA between maternally inexperienced and experienced rats. Therefore, the BLA, as well as the MPN and mAMYpd, were examined for the effects of previous sexual experience on Fos-Li induced by copulation.
Ž . In summary, we hypothesized that 1 dopamine, acting on D receptors, mediates the induction of Fos-Li in the 1 Ž . MPN by copulation, and 2 enhanced responsiveness, perhaps of the dopamine system, to sexual or conditioned stimuli in sexually experienced, compared to sexually naive, male rats would be reflected in elevated copulationinduced Fos-Li in the MPN, the mAMYpd, and the BLA.
Materials and methods

Animals
Adult male Long-EvansrBlue Spruce rats weighing Ž . 350-400 g Harlan Sprague-Dawley, Indianapolis, IN , Ž were housed individually in large plastic cages 48 = 27 = . 20 cm in a temperature and humidity-controlled environ-Ž ment on a 14:10 hour light:dark cycle lights off at 1100 . h . Food and water were available ad libitum, and subjects were weighed daily. For all experiments, sexually recep-Ž . tive female stimulus rats 250-300 g were used. Ovariectomized females were injected subcutaneously with 20 mg estradiol benzoate in oil 48 h before the test day to induce receptivity. Females were screened on the day of the test, and only highly receptive females were used.
Procedure
Three separate experiments were conducted. In all experiments, male rats were paired with a receptive female and allowed to copulate through one copulatory series. One copulatory series consisted of several mounts and intromissions until the achievement of one ejaculation and Ž . one post-ejaculatory interval PEI , marked by the first intromission after ejaculation. Only rats that ejaculated during the test were assayed for Fos-Li. In Experiment 1, Ž . sexually naive male rats received i.p. either sterile water Ž . Ž . n s 13 or the D antagonist Schering 39166 n s 6 prior 1 to being paired with an estrous female; eight that received water and six that received Schering 39166 achieved an ejaculation and were perfused. In Experiment 2, sexually Ž . experienced male rats received i.p. either sterile water Ž . Ž . n s 11 or Schering 39166 n s 9 prior to copulation: all rats ejaculated and were perfused. In Experiment 3, copulation-induced Fos-Li was compared between sexually experienced male rats and first time copulators. Several inexperienced males did not copulate to ejaculation and were excluded from the Fos assay; this experiment was repeated to increase the subject number. Since there were no significant differences between the group behavioral data in the two studies, data from each respective group were combined. Results are presented as Experiment 3A and B for the correlation data. All 18 experienced rats copulated to ejaculation on the test day, whereas only 15 of 23 sexually naive rats ejaculated. Behavioral data obtained during the sexual experience pretests are available only for Experiment 3B. Ž For each experiment, the number of mounts mount . Ž frequency; MF and intromissions intromission frequency;
. Ž . IF preceding ejaculation, and the latencies to mount ML , Ž . Ž . intromit IL , and ejaculate EL were recorded using a computer program. The ML and IL are defined as the latencies from the beginning of the test until the first mount and intromission, respectively; the EL is defined as the latency from the first intromission until the ejaculation.
Ž . The post-ejaculatory interval PEI , defined as the time period following the ejaculation until the first subsequent intromission, was recorded. The total time spent with the Ž . female TT was also recorded; TT equaled the summed duration of the IL, EL and PEI. In all experiments, the number of Fos-Li cells in the MPN and in the mAMYpd ( )was quantified. In Experiment 3, Fos-Li in the posterior BLA was also quantified. Because of damage during tissue processing, lack of appropriate slices, or poor perfusions, several subjects were omitted from each experiment; the number of subjects included varies depending on the site examined, and is indicated throughout the results. Few slices were collected from the mAMYpd or BLA.
Drug administration
In Experiment 1, the selective D antagonist Schering 1 Ž . Ž . 39166 0.1 mgrkg or sterile water vehicle was adminis-Ž . tered intraperitoneally i.p. prior to copulation to sexually naive male rats 30 min prior to each subject being paired in his home cage with a sexually receptive female. The w x dose was derived from a study 1 on the effects of peripheral administration of the D antagonist Schering 1 23390 on male rat sexual behavior, and on pilot data, in which 0.2 mgrkg Schering 39166 mgrkg prevented 8 of 10 sexually naive rats from copulating. In Experiment 2, sexually experienced male rats received 0.2 mgrkg Schering 39166 or vehicle 30 min prior to copulation, one week after the final sexual experience pre-test; those that ejaculated during the experimental test, test 8, were included in the Fos assay.
Sexual experience
Sexual experience was obtained in Experiments 2 and 3 by pairing each male with a receptive female for 30 min every five days, for a total of seven pretests; subjects became extremely efficient copulators by the time of the experimental test, test 8.
Perfusion, tissue processing and immunocytochemistry
Eighty min after ejaculation, subjects were deeply anes-Ž . thetized with sodium pentobarbital i.p. and perfused transcardially with 300 ml of 0.9% sodium chloride followed by 200 ml of 4% paraformaldehyde in 0.1 M sodium Ž . Ž . phosphate buffer PB pH 7.4 . Peak Fos-Li occurs at least one hour after ejaculation, and persists for several w x hours 3 . Following perfusion, brains were removed, post-fixed for 1.5 h in 4% paraformaldehyde in PB at 48C, cryoprotected for 24 h in a 30% sucrose solution, and sliced into 40 mm coronal sections, using a cryostat. Tissue slices were stored in 0.02% sodium azide solution at 48C until immunocytochemistry for Fos-Li was performed. Two subjects not exposed to a female were used as noncopulating controls and were injected with vehicle 105 min prior to perfusion, consistent with the typical time between injection and sacrifice of animals that copulated. Ž A protocol using the elite Vectastain Kit Vector Labo-. ratories, Burlinham, CA was used for the avidin-biotin peroxidase method of immunostaining with 3 X 3 X -diamino-Ž . benzidine DAB as the chromagen and with nickel chloride intensification. Sections were washed three times for Ž . five min each time 3 = 5 min in PB. Sections were incubated for 30 min in PB containing 0.3% Triton-X and blocking serum in 1.5 ml microfuge tubes. Sections were incubated for 48 h in PB containing 0.3% Triton-X and a Ž sheep polyclonal antibody Cambridge Research Biochem-. icals, CRB OA-11-823; diluted 1:8000 directed against residues 2-16 of the N-terminal region of the Fos peptide, in a cold room. Sections were washed 3 = 5 min with PB and then incubated for 1 h in PB containing 0.3% Triton-X and a biotinylated rabbit antisheep secondary antibody Ž . Vector Laboratories, diluted 1:500 . Sections were washed 3 = 5 min with PB and incubated for 1 h in PB containing 0.3% Triton-X and 0.5% avidin-biotinylated horseradish Ž . peroxidase complex Vector Laboratories . Sections were washed 3 = 5 min with PB, and incubated and shaken for 6 min in a solution containing DAB, nickel chloride, and Ž . hydrogen peroxide in tris buffer PH s 7.2 . Sections were rinsed in distilled water three times, mounted on subbed slides, dried overnight, and dehydrated; slides were coverslipped with Permount. To determine that the primary antibody was responsible for staining, one centrifuge tube was processed with the primary antibody incubation step omitted.
Cell count
In Experiments 1, 2, and 3 the numbers of Fos-Li cells per mm 2 of the MPN and mAMYpd were quantified on each side of the brain separately, in two sections from each Ž . subject with available slices see Fig. 1 ; these counts were Ž . averaged to produce one unilateral mean per subject per brain area. In Experiment 3, Fos-Li in the posterior BLA was also quantified. The MPN was selected for quantification since this region of the MPOA appeared to have dense copulation-induced Fos-Li; others also observed dense w x Fos-Li in the MPN 12 . A square image was placed around each side of the brain in the left MPN and in the right MPN, according to a combination of factors: the locations of the third ventricle, the anterior commissures, Ž . and the optic chiasm see Fig. 1 ; alternate sections were stained with cresyl violet. The same size area was used to Ž quantify Fos-Li for each brain slice unilateral MPN: 0.14 2 . mm . The mAMYpd and the BLA were determined from the location of the optic tract, the corpus callosum and the Ž . piriform cortex see Fig. 1 ; the same size area was used to Ž quantify Fos-Li in each brain slice for each area unilateral Images of the area were taken using the program ImagePro Ž . Empire , and the number of Fos-Li cells was quantified Ž by viewing cells through both a microscope objective . 10 = and a computer image, and labeling cells on the image. Labeling cells on the image prevented duplicate counting of the same cell. The program allowed one to zoom in on the image, and thereby produced a greater magnification of the section. In addition, black and white photomicrographs were developed and prints were scanned into Adobe Photoshop in order to add labels. . 71.4, n s 6 on copulation-induced Fos-Li was observed. However, few subjects had available amygdala slices in the D antagonist group. 1 B. Behavioral Data: Only 8 of 13 male rats that received vehicle ejaculated. Six of seven male rats that received Schering 39166 ejaculated and were included. There were significantly fewer intromissions preceding ejaculation in male rats that received Schering 39166 Ž . Ž medians 7 than in those that received vehicle median Table  . 1 . C. Correlations: The only significant correlation between sexual behaviors and Fos-Li in the MPN across all subjects in Experiment 1 was a positive correlation be-Ž . tween intromission frequency IF and Fos-Li; however, within the vehicle and drug groups this correlation was not significant. Fos-Li in the mAMYpd was positively correlated with the PEI, both in the vehicle-treated group and Ž across all subjects. See Table 2 for correlations between Fos-Li in the MPN and the IF, and between Fos-Li in the mAMYpd and the PEI, in the vehicle and drug treated . groups, and across all subjects in Experiment 1 . . Ž 313 " 96.6, n s 6 relative to vehicle-treated rats x s . 574 " 223.9, n s 5 . However, there was high variability in both areas.
Statistical analysis
Results
Experiment 1: Effects of D antagonist in sexually
Ž . Pearson correlation coefficients between the intromission frequency IF and Fos-Li in the MPN, and between the post-ejaculatory interval PEI and Ž0.69 p s 0.31 n s 4 U mAMYpd Schering 39166 PEI 0.91 p -0.02 n s 6 UU mAMYpd All subjects PEI 0.77 p -0.01 n s 10 . s 10.5; T s 21.5, p -0.003 . No other behavioral mea-Ž sures were significantly different between groups
Experiment 2: Effects of D antagonist in sexually
B. Behavioral Data: In sexually experienced male rats, there was no significant effect of Schering 39166 on any Ž . behavior Table 3 .
C. Correlations: There was no significant correlation between Fos-Li in the MPN and the IF in any group in Experiment 2. As in Experiment 1, Fos-Li in the mAMYpd was positively correlated with PEI, both within the drug Ž treated group and across all subjects in Experiment 2. See Table 4 38, df s 7, 19 , p -0.003 ; however, data were not normally distributed, and there were no trial differences revealed by the Newman-Keuls probe. There was no difference in the PEI.
Experiment 3: Effects of repeated sexual experience
A. Fos-Li: Fos-Li in the MPN in sexually experienced male rats was significantly greater than in first time copu-Ž . lators t sy2.70, df s 23, p -0.02; Fig. 4 . Representative photomicrographs illustrating the distribution of Fos-Li cells in the MPN are shown in Fig. 5 . There was no Ž significant difference in Fos-Li in the mAMYpd Inexperi-Ž . Table 5 . There was a nonsignificant trend for a lower IL in sexually experienced Ž relative to inexperienced male rats T s 199, p s 0.109;
. medians: Experienced s 180, Inexperienced s 266.5 . There was no significant difference in MF, IF, or PEI.
C. Correlations: Correlations were determined separately for Experiment 3A and B, because the immunocytochemistry for Fos-Li was done in two separate assays. In Experiment 3A, there was a significant negative correlation between Fos-Li in the MPN and the IF across all subjects, although this finding was not observed in Experiment 3B. As in Experiments 1 and 2, Fos-Li in the mAMYpd was positively correlated with the PEI, both within experienced animals and across all subjects in Experiment 3A; however, this correlation was not seen in Ž Experiment 3B. See Table 6 
There was no significant difference in the MF or PEI.
Discussion
In Experiment 1, systemic administration of the D 1 antagonist Schering 39166 decreased, but did not block, copulation-induced Fos-Li in the MPN of sexually inexperienced male rats. Therefore, stimulation of D receptors OHDPAT, decreased intromission frequency and decreased copulation-induced Fos-Li in the MPN. However, in those experiments, some rats ejaculated during their first intromission, whereas in the current studies, all drug-treated rats had at least three intromissions preceding ejaculation, and a mean of seven intromissions. Although it has been reported that in animals not allowed to ejaculate, there is increased Fos-Li in the MPOA with increasing number of w x intromissions 3 , this association has not been established in animals that ejaculate. Animals that ejaculate have w x extremely high levels of Fos-Li 12,42 , and it may be difficult to determine potential differences related to the number of intromissions that precede ejaculations. In the current experiments, only rats that ejaculated were included.
Pearson correlation coefficients were determined between behavioral measures and Fos-Li. We hypothesized that Fos-Li in the MPN would be positively correlated with intromission frequency. In Experiment 1, Fos-Li in the MPN was positively correlated with intromission frequency when all animals were included, but within individual treatment groups, the correlation was not significant. Thus, the significant correlation across all animals may have resulted from the significant drug effects on both IF and Fos-Li in Experiment 1. However, the drug effects on both Fos-Li and on the IF confound interpretation of the observed positive correlation across all subjects. The small sample size in the drug-treated group may have been insufficient for a significant correlation. In Experiment 3, male rats with repeated sexual experience displayed greater levels of MPN Fos-Li than did first time copulators, although there was no significant difference in intromission frequency. However, there was a negative correlation between IF and Fos-Li in the MPN in Experiment 3A. Since Fos-Li was positively correlated with the intromission frequency in Experiment 1, but was negatively correlated with intromission frequency in Experiment 3A, the decreased copulation-induced Fos-Li with the D antago-1 nist may not be related solely to the D antagonist's effects 1 on intromission frequency. Although one cannot exclude the possibility that drug effects on Fos-Li may have been secondary to drug effects on behavior in Experiment 1, the opposite correlations with intromission frequency in Experiments 1 and 3 suggest that Schering 39166 had a direct inhibitory effect on Fos expression.
In Experiment 2, in sexually experienced male rats, the D antagonist Schering 39166 did not significantly affect 1 copulation-induced Fos-Li in the MPN or affect any behaviors. Although the mean for Fos-Li in the MPN was greater in rats that received vehicle, relative to the mean of those that received Schering 39166, there was high individual variability. In sexually experienced males, Schering 39166 did not decrease the intromission frequency. Since sexually experienced males tend to have few intromissions w x preceding ejaculation 17,34 , it may be difficult to observe a drug-induced decrease in intromission frequency in experienced rats. Although we did not observe a significant difference in intromission frequency between experienced and inexperienced rats in Experiment 3, the inexperienced vehicle-treated rats in Experiment 1 did have more intromissions preceding ejaculation than did the experienced rats in Experiments 2 and 3. A higher dose of Schering ( )39166 than that used in Experiment 2 may be necessary to affect copulation-induced Fos-Li in the MPN in experienced rats; however, a higher dose may also affect locomotion and sexual behavior, confounding results. Alternatively, long term changes in the responsiveness of the MPOA that occur with sexual experience may include failure of the D antagonist to decrease copulation-induced 1 Fos-Li. Numerous manipulations, including administration w x of dopaminergic drugs 22 , have differential effects on behavior in male rats depending on previous sexual experience.
In Experiment 3, sexually experienced male rats exhibited greater MPN Fos-Li than did first time copulators. A process of sensitization to sexual stimuli may contribute to w x sexual behavior in male rats 57 . The observed greater level of copulation-induced Fos-Li in sexually experienced relative to naive male rats may have been secondary to conditioning of sexual andror nonsexual cues associated with repeated tests. Conditioned fear cues have elicited w x c-fos expression in multiple brain sites 4 . In addition, sexually inexperienced male rats did not display increased w x Fos-Li in the MPN 12,14 , whereas experienced male rats displayed increased Fos-Li in the caudal MPOA in rew x sponse to olfactory cues from a female rats 3 . An effect of 'sexual conditioning' has been reported in both male w x w x Syrian hamsters 31 and gerbils 25 . Male hamsters and gerbils with previous experience, compared with sexually naive males, exhibited greater Fos-Li in the MPN and Ž . SDA sexually dimorphic area , respectively, and in the mAMYpd, when placed into the test arena with no female present. Conditioned cues may contribute additionally to MPN Fos-Li in experienced males, resulting in greater w x Fos-Li than in first time copulators. Heeb and Yahr 25 hypothesized that sexual cues may become conditioned during sexual experience that results in ejaculation; these cues may later elicit MPN Fos-Li. In the mAMYpd, these authors observed increased Fos-Li in response to 'sexual conditioning', but ejaculation did not increase Fos-Li more than did conditioning alone. In the current studies, the greater Fos-Li observed in the MPN, but not in the mAMYpd, of experienced rats may be related to increased induction of Fos-Li in response to conditioned cues, over those of ejaculation alone. Failure of the D antagonist to 1 decrease copulation-induced Fos-Li in experienced males may have been related to increased Fos-Li in response to conditioning, possibly masking effects of the drug. Fos, or other proteins, could mediate sensitization that may enhance copulatory efficiency with experience. Whether the increased Fos-Li in the MPN in sexually experienced males is related to a consummatory aspect of prior sexual experience, a recognition aspect of prior exposure to sexual stimuli, or an appetitive or motivational aspect of enhanced responsiveness to sexual cues as a result of prior experience is unclear.
Others failed to observe an effect of prior sexual experience on copulation-induced MPN Fos-Li. In the medial amygdala, there was greater Fos-Li in response to anogenital investigation in sexually experienced relative to inexperienced male rats; no effects on MPN Fos-Li were reported w x 12 . In that study, experience consisted of four pairings with a receptive female, whereas in our study, males received seven pairings before the final test. In addition, the thickness of their brain sections was 75 mm, whereas w x ours was 30 mm. Bialy et al. 5 reported that previous sexual experience increased somatosensory cortex c-fos after the third and fifth experience, but not after the first or seventh experience; the MPOA was not discussed. Coolen w x et al. 12 suggested that Fos-Li in the MPN may reflect a motivational state induced by somatosensory integration. The timing between pairings, the number of experiences prior to test day, and the delay between the final pre-test and test may be critical to our findings of increased copulation-induced MPN Fos-Li in experienced male rats.
The MPOA has an integrative role in sexual behavior, aggression, and maternal behavior. Repeated experience of all three behaviors elicited increased MPOA Fos-Li. In female Syrian hamsters, previous aggressive experience w x increased Fos-Li only in the MPN 30 . After repeated exposures to another hamster's bedding, subordinate males exposed to the more aggressive hamster had increased w x c-fos in the MPOA 32 , possibly in response to condiw x tioned odors in the bedding. Fleming and Korsmit 20 observed that female rats with one previous maternal experience had increased Fos-Li in the MPN and BLA, in response to cues that normally elicit maternal behavior and to neutral conditioned cues. The presence of increased Fos-Li regardless of the nature of the experience may be related to a common mechanism, such as conditioning. The testing paradigm and the nature of the behavior, may be relevant to whether conditioning occurs, and may explain inconsistencies in experience enhanced MPN Fos-Li.
In the current experiments, there was no significant difference between groups for Fos-Li in the mAMYpd. However, in most groups, there was a significant positive correlation between the PEI and mAMYpd Fos-Li. Although we were surprised to see a significant correlation between the PEI and mAMYpd Fos-Li, it is tempting to postulate a relationship between mAMYpd Fos-Li and behaviors that occur during the PEI. During the PEI, rats emit discrete vocalizations and there is altered regulation of body temperature, blood pressure, and heart rate. Although rats appear to be inactive, they emit 22 kHz vocalizations in discontinuous bursts. Blumberg and Moltz w x 7 suggested that these vocalizations may serve to 'cool the brain'. During copulation, there is an increase in hypothalamic and body temperature, which declines rapidly following ejaculation. It is also noteworthy that the test is terminated with the intromission following the PEI, at which time the female is removed. The presence of the female during the PEI may also be relevant to the unexpected correlation between PEI and mAMYpd Fos-Li. w x Coolen et al. 12 distinguished between a lateral cluster of ( )Fos-Li in the mAMYpd related to ejaculation, and a medial Fos-Li cluster related to intromission. In the current studies, only animals that ejaculated were included; therefore, we could not compare clusters related to ejaculation vs. intromissions without ejaculation. Increasing the number of ejaculations increased Fos-Li in a cell band within w x the mAMYpd 42 , and a possible role of Fos in sexual w x satiety has been suggested 19,42 . The relevance of the previous discrete increase in Fos-Li with increased ejaculations to our current correlation of mAMYpd Fos-Li with the PEI is unclear.
In Experiment 3, no differences in Fos-Li in the BLA were observed between sexually inexperienced and experienced male rats. We hypothesized that the BLA may be Ž . activated during initial sexual experience s , but not during sexual experience in efficient copulators. However, immediate early genes other than Fos may be activated during sexual experience. In addition, the number of subjects with available slices in the BLA was low in Experiment 3. Since novelty alone induces Fos-Li in many brain areas, w x including the BLA 48 , it may be difficult to observe small differences between groups in Fos-Li.
The functions of copulation-induced Fos-Li have been speculated upon, but not clearly established. Since Fos-Jun w x heterodimers increase expression of multiple genes 41 , and there are several pathways that mediate copulation-induced Fos-Li in the MPOA and medial amygdala, numerous responses may be regulated by copulation-induced Fos-Li through multiple neurotransmitters. Some responses potentially mediated by Fos may be short term, such as sexual satiety, and others long term, such as sexual conditioning and enhanced copulatory efficiency. More research is needed to understand the neurotransmitters that mediate, and the functions of, copulation-induced Fos-Li.
In summary, copulation-induced MPN Fos-Li is partly mediated by D receptors. Sexual experience is associated 1 with increased copulation-induced MPN Fos-Li. Whether the observed increased Fos-Li is related to copulatory efficiency or is secondary to conditioning is unclear. However, the findings suggest that changes in stimulus induced Fos-Li may be used as a tool to examine plastic changes in system responsiveness, perhaps those that mediate enhanced copulatory efficiency.
